University-industry technology transfer is growing at a rapid rate in China, involving both multinational and domestic companies. This chapter describes unique characteristics of Chinese National Technology Transfer Centers (NTTCs) and examines whether they can function as an effective policy instrument in promoting the commercialization of university research findings. Our qualitative and
disclose the invention and cooperate in future developments after the license agreement. Jensen, Thursby, and Thursby (2003) further explored this research and concluded that the role of a UTTO is to be a dual agent representing both the university and the inventor.
Markman, Phan, Balkin, and Gianiodis (2005) found that UTTOs underemphasized entrepreneurship in business incubators and new venture formation. Lowe (2006) found that when UTTOs require royalties from inventor-founded firms, inventors are worse off due to limited royalty payments.
However, UTTOs can improve the inventor's welfare by marketing and negotiating the licensing contract to secure a higher fixed fee payment. Sharma et al. (2006) suggested that UTTOs should practice what they preach about making innovation happen, so in addition to addressing the university's needs of technology commercialization they should also treat nurturing of innovation and entrepreneurship as their core mission. Stadler, Castrillo, and Veugelers (2007) demonstrated that UTTOs are often able to benefit from their capacity to pool inventions across research units within universities and to build a reputation for honesty. When UTTOs have an incentive to "shelve" some of their projects, it raises the buyer's beliefs on expected quality and results in fewer but more valuable innovations being sold at higher prices.
Performance Assessment of UTTOs
Quantitative analyses to evaluate the performance of UTTOs are based on a production function framework which uses the inputs and outputs to measure their efficiency, while qualitative studies are based on university surveys. For instance, Trune and Goslin (1998) examined the effectiveness of UTTOs from a financial profit/loss analysis perspective. Their results show that about half of UTTOs are profitable and local communities benefit from their contribution to economic development. Thursby and Kemp (1998) found that universities are more commercially productive than they were in the recent past. Private universities tend to be more efficient in commercialization than public ones while universities with medical schools are less likely to be efficient because medical schools receive substantial funding from the federal government and they conduct several clinical trials which reduce their commercialization efficiency. However, faculty-inventors in the biotechnology sciences tend to be more oriented toward commercialization than those in the physical sciences due to its more applied nature and a seller's market for biological science. Thursby and Kemp (2002) used sponsored research agreements, license agreements, royalty payments, invention disclosures, and patent applications as output; input consisted of federal support, the number of professionals employed in UTTOs, the number of faculty in each university, the weighted average quality rating where the weights are faculty size, and whether a university is private and has a medical school. Siegel, Waldman, and Link (2003a) specified outputs as the number of licensing agreements and licensing revenues, and inputs as invention disclosures, employees in the UTTO, and legal expenditure. They concluded that the productivity of UTTOs depended on such organizational practices as the faculty reward system, TTO staffing/compensation practices, and cultural barriers between universities and firms. Chapple et al. (2005) found that having a medical school has a negative effect on UTTO efficiency and suggested reconfiguring UTTOs and upgrading its staff's competences to improve their efficiency.
Similarly, Anderson, Daim, and Lavoir (2007) had the same conclusions as previous results in terms of a correlation between UTTO efficiency and the existence of a medical school, and university structure (private or public). The additional contribution of their research is that they propose adding other factors to analyze the productivity of UTTOs, such as the number of people working in the UTTOs, the impact of different IP policies, and faculty incentive systems.
Determinants of Success of UTTOs
Most studies reveal that the success of UTTOs may be attributed to their organizational structure, motives, incentives, organizational culture, and university support. For instance, Siegel et al. (2003a) reveal the palpable differences in the motives, incentives, and organizational cultures of the faculty/inventor-UTTO-industry triad. They believe that the successful performance of UTTOs is based on the reward system for faculty involvement in university-industry technology transfer, compensation and staffing practices in UTTOs, and actions taken by administrators to extirpate information and cultural barriers between universities and firms. Friedman and Silberman (2003) support Siegel et al.'s (2003a) results but broaden them to other factors that have significant positive effects on UTTO output (measured by licenses executed) such as the age of UTTOs, university location, and mission to support technological transfer. Link and Siegel (2005) showed that universities having more attractive incentive structures for UTTOs (i.e., those that allocate a higher percentage of royalty payments to faculty members) tend to be more efficient in technology transfer activities. They proposed that university administrators who wish to foster university-industry technology transfer should be mindful of the importance of financial incentives. Chapple et al. (2005) found older UTTOs at UK universities functioned less efficiently due to an absence of learning effects, while larger UTTOs suffered from the problem of being generalists rather than specialists. They stress the need to recruit and train technology licensing officers with the appropriate skills and capabilities.
Other studies, however, offer different insights. For instance, Thursby, Kemp, Jensen, and Thursby (2001) illustrated that larger UTTOs (measured by the number of staff) were successful, and Markman, Gianiodis, Phan, and Balkin (2005) showed that older and larger UTTOs are better and speed up licensing to new ventures, suggesting that they may have more developed organizational routines.
Also, Chukumba and Jensen (2005) found that the age of a UTTO and the quality of its engineering faculty have significantly positive influences on licensing activities. These studies highlight the importance of the organizational structure and an attractive incentive system on the successful performance of UTTOs.
Chinese National Technology Transfer Centers
The impetus of Chinese NTTC formation is similar to that of Western UTTOs: to promote technology transfer from university to industry. However, the roles, performance, and effectiveness of NTTCs exhibit unique Chinese characteristics. Table 1 provides a summary of the comparison of the two technology transfer approaches along purpose and role, performance assessment, and success determinants. We adopt as guidance the extant research findings (Chapple et al., 2005; Friedman & Silberman, 2003; Jensen et al., 2003; Siegel et al., 2003a; Thursby & Kemp, 2002) to assess whether Chinese NTTCs function as an effective tool in accelerating the commercialization of university research findings. Our analytical perspectives will focus on the role, performance, and success determinants of NTTCs. We use these identical criteria to assess whether Chinese NTTCs function as an effective policy tool in accelerating the commercialization of university research findings. Academic publications, patents, technology transfer income, and revenue generated by spinoffs are used as indicators to assess the effectiveness of NTTCs.
Insert Table 1 about here The research methodology used in this section is based on case studies. We focus on six universities which were the first batch to be allowed to set up a NTTC in China: East China University of Science and Technology, Huazhong Science and Technology University, Shanghai Jiaotong University, Sichuan University, Tsinghua University, and Xi'an Jiaotong University. The analysis of these six universities provides a general picture of NTTC as an effective public policy tool in promoting the commercialization of university inventions in China. In addition, we use Zhejiang University which does not have a NTTC to compare research, patenting, and commercial activities.
The rationale behind choosing Zhejiang University as a single case is that it ranks as one of the top five Chinese universities (comparable with Tsinghua University and Shanghai Jiaotong University) and is well-known for its technology management programs. While we recognize that the exception might not prove the rule, we use it as an exemplar that demonstrates what is possible under the correct circumstances even in the absence of an NTTC. While other universities might not be able to replicate all of the factors that explain an unusually high level of technology transfer activity at Zhejiang University, we believe it is nonetheless useful to use it as a baseline of what is possible. For those unfamiliar with Zhejiang University, it is located in the city of Hangzhou, an economically dynamic coastal region approximately 125 miles southwest of Shanghai. Over 29,000 SMEs of more than 5 million RMB in sales and 2,288 high-tech firms reside in Zhejiang Province (the number of firms cited is from Xu, 2010) . A developed business environment, strong local government-sponsored R&D consortia, and dynamic private firms combine for the fruitful cooperation between Zhejiang University and local industry.
Among the oldest Chinese universities (founded in 1897 by Hangzhou's pro-Western mayor) and largest (with 46,000 students in 37 colleges and schools spread across 5 campuses), its nearly 7 million volume library collection is one of China's largest and its 3,300 standing faculty boast the highest rate of research papers published per faculty member of any of the top Chinese universities. Its leading position in China in publications and patents contributes to Zhejiang University's reputation for its diligent study and research, especially in science and technological innovation. For instance, Essential Science Indicator (ESI) ranks Zhejiang University among the top 1% in 15 disciplines, with 4 listed in the top 100 of the world's academic institutions ("Introduction to Zhejiang University"). It aspires to become an influential source of innovation with its very strong reputation among both academics and graduate employers.
Because of these, The Times Higher Education considers it as one of the top universities in the world ("World University Rankings").
We pursued our hybrid (both qualitative and quantitative) research project following advocated methodologies (e.g., Yin, 1994) to enhance our conclusion validity. We examined multiple sources of information to triangulate, including annual official surveys of university patents and spin-off revenues.
Furthermore, we examined published documents and conducted our own surveys as well as personal and telephone interviews of managers working in NTTCs and Science and Technology Divisions of various universities in China.
Purpose and Role of NTTCs
Like UTTOs in Western universities, NTTCs act as an intermediary between university and industry to manage university intellectual property and technology transfer activities (Jensen & Thursby, 2001; Jensen et al., 2003) . However, NTTCs and UTTOs function differently to attain their respective objectives. In UK and U.S. universities, UTTO personnel typically devote a substantial amount of efforts to encouraging faculty members to disclose inventions (Siegel, Waldman, Atwater, & Link, 2003b; Thursby & Kemp, 2002; Thursby & Thursby, 2002) . In Chinese universities, NTTC staff do not spend much time in persuading researchers to disclose inventions. On the one hand, professors are motivated to disclose inventions because in some universities, patents have been used as one key criterion of research workload. On the other hand, many universities concentrate on the practical application of academic output rather than identifying intellectual property rights that arise from university research findings. When NTTCs receive the disclosure of inventions, they assess whether they are worth filing for patent applications and enter the patenting procedure with the cooperation of the inventors only if the invention is deemed suitable for patenting.
Additionally, UTTOs in Western universities diffuse inventions mainly through licensing (Jenson et al., 2003; Siegel et al., 2003a) . The Chinese NTTCs mainly capitalize inventions through technology development contracts and the creation of university technology-based firms. The difference of technology transfer mode is in part due to the stronger absorptive capacity of Western firms compared to Chinese firms. Large and medium-sized enterprises (LMEs) are the main providers of R&D expenditure in China, sharing 66% of total business expenditure for R&D in 2000 and increased to 75% in 2005; however, only 24.1% of total LMEs in China conducted in-house innovation activities (National Bureau of Statistics of China ‡ ). The increased R&D expenditure may have been used to outsource foreign or domestic technology or both. Large firms tend to sign joint research contracts with academic institutions whereas small firms tend to ask for consulting service from universities.
Apart from capitalizing on its own university research findings, the Tsinghua NTTC prioritizes the introduction and diffusion of foreign technology. The five other NTTCs focus more on marketing univer- 
Performance Assessment of NTTCs
As the role of NTTCs is to promote university commercial activities, we use published papers, patenting, licensing revenues, and revenues generated by university-run technology firms as indicators to assess the effectiveness of NTTCs. We avoid using the terminologies of productivity and efficiency because our paper focuses on the analysis of how NTTCs affect researchers, staff, and the commercialization of academic output. The effectiveness of NTTC meets our requirements. Productivity refers to a ratio of output to input and efficiency is equivalent to productivity. Adopting Thursby and Kemp's (1998) explanation, an efficient NTTC could produce greater output compared to another NTTC with similar levels of inputs. Alternatively, it is one that, when compared to other NTTCs, could produce a similar level of output with fewer inputs. Since our analytical focus compares NTTC outputs rather than that productivity, we prefer the usage of effectiveness instead of productivity/efficiency. In our assessment framework, published academic papers refer to the papers collected by the Science Citation Index (SCI).
We assume that the existence of NTTCs promotes the information exchange between university researchers and firms. The interactions between industry and NTTCs may help researchers get new ideas to produce more qualified academic papers, and the growth of university patentability is supposed to bind with the performance of NTTCs whose responsibility is to manage IP activities and exploit research findings. Figure 1 shows that all the sampled universities have increased the published papers collected by SCI.
Insert Figure 1 about here With respect to patenting activities, the sampled universities have made significant progress (see Table 2 ). The number of both patent applications and issued patents obviously increased, especially Insert Table 2 about here We use correlation analysis (see Table 3 ) to assess the effectiveness of NTTCs in contributing to the growth of published papers and university patenting expansion. In spite of the sample of only six NTTCs, many of these variables show significant correlations. Nonetheless, we are cautious in making sweeping generalizations. The age of NTTCs, number of NTTC staff, and R&D expenditures are regarded as the inputs of NTTCs, and the number of published papers, patent applications, and issued patents are viewed as the outputs of NTTCs. Only the age of NTTCs is not significantly correlated at the 0.05 level (2-tailed test) with any of the other variables; all other variables are significantly correlated at the 0.05 level (2-tailed test). The highest correlation is between published papers and patents issues, followed by R&D expenditures and published papers and R&D expenditures and patents issued. Clearly, there is a strong relationship between R&D → published papers → patents issued although we cannot conclude that causality exists.
Insert Table 3 Table 4 ). Thus, we use the income of university-affiliated technology firms as a complementary indicator to analyze the productivity of NTTCs (see Figure 2 ) because fostering academic technology-based firms is identified as the role of NTTCs.
Insert Table 4 about here These comments reveal two interesting insights. First, we believe NTTC activity scope, whether derived from university mandates or emerged from experimentation, may be closely related to NTTC effectiveness. Second, NTTCs are part of a larger organization -the university -and the administration might limit NTTC decision making autonomy, leading to limited patent licensing activities. Thus, initiatives by NTTCs and the interactions between NTTC and the host institution may to a larger extent determine NTTC effectiveness. Figure 2 shows that Beijing University, Fudan University, and Zhejiang University -in spite of not having a NTTC -generated more economic incomes than those with NTTCs, except for Tsinghua University. That is a unique case whose spinoffs maintain growing incomes, whereas all the other universities with NTTCs failed to sustain growing revenues of their spinoffs. For example, the spinoffs of Sichuan University received less income in 2002 as compared to 2001, as did the spinoffs of Shanghai Jiaotong University. It seems that while NTTCs do not necessarily bring more income to university spinoffs, the revenues generated by university spinoffs were nonetheless much more than university license incomes.
Insert Figure To further test the effectiveness of NTTCs, we take a close look at Zhejiang University. Tables 2   and 4 To further substantiate our conclusion, Zhejiang University is not a unique case. Other universities, such as Beijing University, Fudan University, and Tianjin University, have shown stronger capability to commercialize academic outputs than some of the universities with NTTCs. For example, Beijing and material resources (Xue, 2006) . Since access to university has become much easier after the late 1990s and the university registration fee has increased heavily, students prefer to choose the prestigious universities in teaching and research because they might provide better employment opportunities in the future. To attract brilliant students and teaching/scientific staff and demonstrate their return on public funding, universities are motivated to expand patenting and exploit research outputs. Researchers are also motivated to engage in patenting and commercial activities because these activities are linked to workload assessment and incomes. Beijing University, Fudan University, Tianjin University, and
Zhejiang University are historically and currently prestigious higher education institutions in China.
Massive R&D expenditures, abundant human resources for research, and an attractive incentive system provide these universities with a strong capability in technology innovation and technology transfer in spite of the absence of NTTCs. While there certainly are other prestigious universities that do not have a NTTC (e.g., Nanjing University), we cannot find any that outperform these.
Determinants of Success of NTTCs
Several determinants of success of NTTCs used in this section are consistent with previous research findings. First, NTTC size and staff capability matter (Anderson et al., 2007; Chapple et al., 2005; Siegel et al., 2003a; Thursby & Kemp, 2002; Thursby et al., 2001 ). Tsinghua NTTC is the largest one, staffed with 40 people and functioning more professionally compared to the other five NTTCs. These advantages help Tsinghua NTTC perform better than the others.
Second, university R&D expenditure, rising awareness of IPR management, funding of NTTC, university-industry linkage, and performance mode (whether NTTCs have a company) all impact the effectiveness of NTTCs. R&D expenditure and the awareness of IPR management have a positive and significant influence on university patenting expansion, and funding NTTCs, university-industry linkage, and performance mode determine the productivity of NTTCs in the commercialization of research achievements.
The above determinants converge to show that establishing NTTCs is only one of several factors that facilitate rising university patenting and commercial activities. Since the success of NTTCs depends on a series of supportive elements, universities without NTTCs can achieve similar success in innovation and technology transfer as those universities with NTTCs as long as they meet these requirements.
Zhejiang University is an excellent example in that respect -it has no NTTC but succeeds in managing university IP issues and exploiting research findings. From this point of view, NTTCs alone do not seem to be an efficient political tool in promoting university technology transfer. Our research suggests that greater NTTC flexibility will allow them to fulfill their mission in promoting university technology transfer. Learning from Zhejiang University and other supporting examples, Chinese NTTCs will have to improvise to become more effective. 
Conclusions

Success Determinants
 University goal, priorities, and use of resources  Funding and university R&D expenditures  Motives and organizational cultures of the faculty/inventor-UTTOindustry triad and cultural barriers between universities and firms  Several major universities without NTTCs have been successful with their large R&D expenditures, abundant human resources for research, and an attractive incentive system  Faculty compensation practices and incentive structure (i.e., percentage of royalty payments to faculty members)  Performance mode (whether NTTCs have a company) and universityindustry linkage and ability to exploit research findings  Age and size, university location, and mission to support technological transfer (e.g., older and larger UTTOs are less efficient but can speed up licensing to new ventures)  Cannot conclude that NTTCs have improved research and commercialization, and are probably not efficient in promoting university technology transfer  Number of personnel and capabilities of the faculty and staff, especially the quality of engineering faculty  Size and staff capability matter  Age does not seem to matter  IP policies and structure of agreements  IP policies and management that nurture innovation and entrepreneurship 
